The periurethral anaerobic and aerobic microfloras were investigated in 18 healthy premenarcheal girls, 5 to 14 years of age, by using a quantitative sampling method. Colonization of the female periurethral area with enterobacteria seems to be an important step in the development of urinary tract infections, and the present study was undertaken as a stage in elucidating factors that might control the establishment of urinary tract pathogens periurethrally. The study showed that obligate anaerobic bacteria constituted 95.0% (standard error, ±5.8%) of the total colony-forming units per square centimeter of periurethral area. An average of 7.0 different anaerobic and 2.7 different aerobic strains per specimen was obtained. The flora was dominated by anaerobic gram-positive cocci and grampositive rods, whereas anaerobic gram-negative rods comprised a minor part. The most commonly encountered anaerobic isolates were peptococci and peptostreptococci, propionibacteria, bifidobacteria, eubacteria, and bacteroides in decreasing order of frequency. The aerobic flora consisted most commonly of nonhemolytic streptococci and diphtheroids. The findings suggest that the periurethral microenvironment is a distinctive ecological niche, separate from the fecal and skin biotas, although it has some characteristics in common with the vaginal flora.
The periurethral region of healthy girls probably forms a barrier against urinary tract infections (UTI). A previous study of ours on the periurethral aerobic bacterial flora revealed no or very small numbers of gram-negative bacteria and enterococci in healthy girls, whereas UTIprone individuals were colonized with urinary tract pathogens even during infection-free periods (2, 3) . This was in accordance with studies on the introital aerobic flora of adult women (8, 24) .
Our knowledge is fragmentary about the mechanisms creating a microenvironment devoid of enterobacteria in the normal individual but failing to do so in UTI-prone persons. Properties of the periurethral mucosal cells seem to be one important factor, cells in UTI-prone girls having a significantly higher capacity for adherence of bacteria than those in healthy girls (12) .
With other human microbiotas, it has been shown that the indigenous flora might interfere with the establishment of potential pathogens; e.g., alpha-streptococci in the pharynx interfere with the beta-hemolytic group A streptococci (4) , cervical lactobacilli interact correspondingly with Neisseria gonorrhoeae (20) , and interfert Present address: Department of Pediatrics, Karolinska Hospital, S-104 01 Stockholm, Sweden. t Present address: Department of Bacteriology, National Bacteriological Laboratory, S-105 21 Stockholm, Sweden. ence between strains of Staphylococcus aureus has been useful in curtailing staphylococcal disease among newborn infants (22) . Thus, it is conceivable that the indigenous periurethral microflora may also play a role in controlling the establishment of urinary tract pathogens in healthy individuals and that this balance for some reason may be altered in UTI-prone ones.
To study possible interactions between organisms in the periurethral area, it is necessary to have a clear picture of the normal flora. For that reason, the periurethral indigenous bacterial flora was studied in healthy girls. A sampling method was used that permitted a quantitative evaluation of the microflora. The main purpose was to characterize the anaerobic bacterial flora since the aerobic flora has been analyzed earlier (2) Figure 2 shows the distribution of the different genera of gram-positive rods in terms of percentage of the total CFU per square centimeter. In contrast, clostridia were only isolated in one instance, from a 10-year-old girl (7.5 x 102 CFU/ cm2).
Anaerobic gram-negative rods were isolated from several specimens, but were never predom-
inant. An average of 1.7 different strains per specimen was obtained, but the majority of these Of potential pathogens of the urinary tract, gram-negative rods belonging to the Enterobacteriaceae and enterococci were isolated from only one and two samples, respectively, and in low counts. S. epidermidis was isolated from several specimens, but in small numbers (Fig. 4) strains were recovered only from selective media and in very small numbers. They represented less than 1% of total CFU per square centimeter (Fig. 1) . The quantitative distributions of different genera of gram-negative rods are given in Fig. 3 as a percentage of the total CFU per square centimeter. All strains of Bacteroides species, which constituted 1% or more of the total CFU per square centimeter (Fig. 3) Herein, a quantitative method has been used to describe the periurethral microflora. Most other studies of the urogenital region concern only qualitative aspects, and certain bacteria may have been overemphasized with a disregard for others. In some previous studies, the specimens were precultured in broth before being inoculated onto solid media for isolation of different bacteria, a method that might favor rapidly growing species.
By using qualitative methods, certain bacteria, e.g., Bacteroides species, may receive undue emphasis, especially when present in low numbers, as a result of the choice of particular selective media. In this respect, quantitative methods are potentially advantageous since it may be more obvious when certain bacteria constitute a minor part of the flora. The risk of overestimating transient contaminants in small numbers from adjacent microbiotas is accordingly reduced.
The findings of this study suggest that the periurethral region is a bacteriological niche, with a flora different from those of feces and skin. The aerobic fecal flora comprises mainly enterobacteria and enterococci, whereas these bacteria are absent or very scanty in the periurethral region of healthy girls (2) . The present study shows a similar dissociation between these areas concerning the anaerobic flora. Thus, although the anaerobic fecal flora is dominated by Bacteroides species (6), these bacteria were absent or found in comparatively small numbers in the periurethral area. In addition, all bacteroides strains constituting 1% or more of total CFU were isolated from the blood agar plates but did not grow on the selective medium (kanamycinvancomycin blood agar) used for isolation of bacteroides of fecal origin. This phenomenon may be indicative of distinct properties of the bacteroides strains peculiar to the periurethral region.
With regard to the skin surrounding the urogenital area, the findings are more complex. The majority of the bacteria isolated from the periurethral area, e.g., peptococci, peptostreptococci, bifidobacteria, and eubacteria, have not been reported in the skin flora, indicating that these two microenvironments may be distinct from each other (16) . Nevertheless, such organisms as S. epidermidis, diphtheroids, and propionibacteria, which are typical constituents of the skin flora (16), were often isolated also from the periurethral area. However, the regular periurethral findings of S. epidermidis and diphtheroids make it probable that these bacteria are true constituents of the flora of the periurethral area, just as they are considered to be of the flora of the vagina (1). Although propionibacteria were found in fairly high counts in several periurethral samples, contamination seems unlikely since the samples did not show correspondingly high counts of the other species typical of the skin flora.
A more complicated matter is whether the periurethral niche is distinct from the adjacent urethral and vaginal microenvironments. Similarities could well be expected as embryologically this whole area derives from the urogenital sinus and is covered with squamous epithelium, which in adults shows cyclic variations due to hormonal influence (26) . Other factors such as different secretions may, however, create differences in the microenvironment.
Existing data suggest that the aerobic microflora is similar throughout the distal urogenital area, i.e., constituted of S. epidermidis, diphtheroids, nonhemolytic and a-streptococci, and, in adult women, lactobacilli (8, 10, 19) (21) and the periurethral flora of adult women (Bollgren, unpublished data) suggest that S. saprophyticus rarely is a constituent of the normal flora in the distal urogenital area.
Comparisons with studies concerning the anaerobic microflora of these different parts of the distal urogenital area are more complex. Re-VOL. 10, 1979 on October 24, 2017 by guest http://jcm.asm.org/ cently, a study on the vaginal anaerobic microflora of girls was published (9) . This study, in accordance with ours, revealed a multibacterial anaerobic flora, with a mean of 5.3 anaerobic species per vaginal sample, compared to 7.0 different strains per specimen in the present periurethral investigation. The results of the vaginal flora study, however, diverged from ours in other respects, e.g., high isolation rates of clostridia and Bacteroides species. Apart from the methodological differences, more important may be the fact that the two investigations studied different populations. Hammerschlag et al. (9) thus reported that Bacteroides species were more frequently isolated from girls under 3 years of age than from girls 3 to 15 years of age. These findings of anaerobic bacteria of probable fecal origin in the vagina correspond well with our previous studies showing high numbers of aerobic fecal bacteria in the periurethral area of young girls (2) .
Most other studies on the vaginal and urethral anaerobic microfloras concern adult women, where the high glycogen content of the mucosal cells due to hormonal influences creates a micromilieu quite different from that in premenarcheal girls. In spite of this, our findings in many respects agree well with some quantitative studies on the anaerobic vaginal flora in adult women (1, 15) , which showed that anaerobic bacteria often constituted about 90% of the adult vaginal flora, with a preponderance of grampositive cocci and rods.
From a functional point of view, the introital area in adult women seems, at least, to have characteristics in common with the periurethral region in girls, since both areas may act as barriers against UTI.
